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Abstract 
The pulse repetition frequency (PRF) variation of SweepSAR mode has significant impacts on image quality. The 
influence of SweepSAR mode PRF variation on azimuth signal is analyzed, and the mathematical modeling of 
SweepSAR PRF variation is implemented. Besides, based on the analysis and paired echoes theory, the formulas of 
the amplitude and position of azimuth paired echoes are derived. The relationship between PRF variation and the 
amplitude and position of paired echoes is quantitatively described. Finally, the computer simulation verifies the 
validity of theoretical analysis. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
At present, the conventional SAR mode which can cover wide swath is ScanSAR. As for ScanSAR, it
achieves wide swath at the cost of low azimuth resolution, the scalloping effect and the variational 
distributed target ambiguities noise ratio (DTAR) and the signal-to-noise ratio (SNR) along the azimuth 
direction. Another new mode, TopSAR （Terrain Observation by Progressive Scan SAR）, can reduce 
the drawbacks of the ScanSAR mode by offering significantly improved radiometric and ambiguity 
performance, but it still involves the same trade-offs between azimuth resolution or number of looks and 
swath width as ScanSAR. The novel SweepSAR approach differs from ScanSAR and TopSAR. This 
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technique operates the system with a continuously varied PRF by this allowing in principle for arbitrary 
wide swaths, with no influence on azimuth resolution [1-3].
The realization of SweepSAR mode depends on PRF periodical variation, which will lead up to the 
paired echoes phenomenon. [3] introduced this phenomenon, with only pointing out that it may introduce 
paired echoes, but didn’t further quantitatively analyze the amplitude and position of paired echo. This 
paper analyzes SweepSAR mode’s characteristic deeply, with establishing the PRF variation 
mathematical model, and quantitatively describes paired echoes amplitude and position according to PRF 
variation, which is verified by the simulation. 
2. PRF variation mathematical model 
As for the conventional SAR system, the swath width is often restricted by the fixed PRF, which limits 
the length of receive window. And to SweepSAR system, its PRF periodically changes during the 
synthetic aperture time (as shown in Fig.1). Thus, there are some pulses that make the point target cannot 
be fully illuminated, that is, the point target has blind ranges . But for the whole illuminated area, wide-
swath imaging can be achieved by breaking away from the limit of the given PRF.  
bR
The number of emitted pulses between transmission and reception of a specific pulse are denoted 
by . If the PRF varies only little over , the expression of these “travelling pulses” can be 
approximated by [3]:
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Where 0R is the slant range, with the two-way delay  , and 
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Assume a period of M pulses, a pulse length . Consider a pulse to be fully lost as soon as it is no 
longer received completely. As the PRF variation is monotonic, each pulse sequence of constants pr
contains only a single gap. This blockage starts with the pulse at index and ends at index  (the PRF 
variation range should be wide enough to make sure ) [3-4]:
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The corresponding azimuth time of 0m and are and , respectively. During a period, the time 
when the target cannot be fully illuminated is , , and  is the azimuth time. Then the 
SweepSAR azimuth signal envelope can be expressed as: 
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Where the expression  is the azimuth signal envelope of Stripmap SAR, and 0 ( )W τ ( )f τ can be regarded 
as the Fourier series expansion of the function with a period of0' 1( )
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PRF variation period (as shown in Fig. 2). The position of  only affects the phase, but has no effect on 
the amplitude, so 
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Based on the analysis above, the expression of azimuth signal envelope can be written as follow:
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3. Effects on imaging quality 
For the azimuth linear FM characteristic of the SAR echo signal, ideal point target azimuth echo signal 
can be simplified by [5-8]:
2
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Where r is the Doppler rate. After being processed with the matched filter, the convolution result is 
given as follow:
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Considering the SweepSAR PRF variation, the impulse response of the point target can be obtained by: 
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Due to the PRF periodical variation, infinite paired echoes located by the two sides of the main lobe, 
and the position expression is given by: 
r D
t n
f T
= ± . DT affects the position and the peak amplitude of 
paired echoes: the longer the PRF variation period is, the closer paired echoes locate beside the main lobe. 
The amplitude expressions of paired echoes are 0( ) ( )2 2
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4. Simulation and analysis 
In order to verify the validity of the proposed algorithm, numerical simulations are implemented.                        
Fig.3 shows the relationship between azimuth signal envelope and PRF variation. Due to PRF periodical 
variation, gap appears at the same part of each period time, that is, the point target isn’t fully illuminated 
during this time, so the whole azimuth signal envelope is not complete. Contrasting Fig.3 (a) with (b), the 
gap length is directly proportional to the PRF variation period length.  
The pulse compression results in different conditions are illustrated in Fig.4. Paired echoes 
phenomenon obviously appears in the figure, and the position of each paired echoes is about 
beside the main lobe. Fig.4 (a) shows the comparison of pulse compression results with different variation 
periods (64 pulses and 128 pulses). We can see that the longer the period length is, the closer the paired 
echoes are from the main lobe, but the amplitude does not change apparently. Fig.4 (b) is about the 
comparison of pulse compression results with different variation ranges (450Hz and 600Hz). The 
amplitude of paired echoes is inversely proportional to the PRF variation range. 
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Fig.3: Azimuth signal envelopes with different PRF variation periods. (a) a period of 128 pulses; (b) a period of 384 
pulses 
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Fig.4: The pulse compression results. (a) different PRF variation periods; (b) different PRF variation ranges 
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Fig.5: The comparison between simulation values and theoretical values. (a) the position of the peak amplitude 
(horizontal axis is the pulse number in a period); (b) the peak amplitude( horizontal axis is the PRF variation range) ; 
(c) the peak amplitude(horizontal axis is the pulse number in a period) 
Fig.5 gives the comparison between simulation values and theoretical values of the first paired echoes. 
Fig.5 (a) shows the comparison about the position of the peak amplitude, while Fig.5 (b) and (c) are about 
the peak amplitude. We can see the theoretical values and simulation values can be well matched, which 
proves the effectiveness of this algorithm.  
5. Conclusion 
Based on the SweepSAR PRF variation mathematic model and the paired echoes theory, a novel 
algorithm for quantitatively describing the relationship between paired echoes amplitude and position and 
PRF variation of SweepSAR is presented. The key point of the algorithm is the Fourier series expansion 
used on the establishment of PRF variation mathematic model. And the simulation results justify the 
effectiveness of the algorithm. If Fourier series expansion can be used on the SweepSAR antenna 
pointing jitter model, the concept applied in this paper equally adapts to the effect analysis of antenna 
pointing jitter on imaging quality. 
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